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Biochemical, histological and histochemical  
changes in Aristichthys nobilis Rich. liver exposed 
to thiamethoxam
Abstract
Background and purpose: The aim of the present study was to inves-
tigate the effects of the insecticide thiamethoxam on some biochemical, his-
tological and histochemical parameters of bighead carp liver (Aristichthys 
nobilis), which is an economically important fish species for aquaculture.
Materials and methods: Different increasing concentrations of 
6.6 mg l–1, 10 mg l–1 and 20 mg l–1 of the test chemical under laboratory 
conditions were tested for their toxicity on fish for 96 h. The hepatic activity 
of the enzymes lactate dehydrogenase (LDH), aspartate aminotransferase 
(ASAT) and alanine aminotransferase (ALAT) were measured. In addition, 
the hepatic histological structure was observed for alterations, as well as the 
lipid content was observed by histochemical staining.
Results: It was determined that the enzymatic activity of the exposed fish 
was increased compared to the control group (p<0.05). Furthermore, the 
enzymatic activity was increased proportionally to the increasing thiameth-
oxam concentrations. The histological lesions, which were observed in the 
liver parenchyma, were degenerative and necrotic. The degenerative altera-
tions were as follows: granular, balloon and fatty degeneration. The ne-
crotic alterations in the fish liver were associated with presence of karyopyk-
nosis, karyorrehsis and karyolysis, respectively. The histological alterations in 
the liver blood vessels were hyperemia and lymphocyte proliferation. Along 
with the established histological changes in the liver parenchyma, we found 
presence of fatty degeneration in the hepatocytes using Sudan III staining on 
cryostat sections.
Conclusions: Our study shows that there is a relation between the con-
centration of the insecticide and biochemical changes, as well the severity of 
expression of the histological and histochemical alterations in the bighead 
carp liver. Overall, such experiments could be successfully applied in research 
and monitoring programs to study the effects of pesticides on fish.
INTRODUCTION
The common use of insecticides in public health and agricultural schedules has caused severe environmental pollution and potential 
health hazards including different acute and chronic cases of animal 
poisonings (1,2).
Neonicotinoids are the newest class of insecticides to be developed 
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decades. They differ from their natural analogues with 
high persistence in the environment and more pro-
nounced toxic effects (3).
The contamination of water by insecticides is mainly 
due to intensive agriculture combined with surface runoff 
and subsurface drainage, usually within a few weeks after 
application (4). The continuous presence of insecticides is 
the consequence of their use (timing, rate, frequency) and 
the rainfall during the application period (5,6). Several 
studies reported that some surface waters and surrounding 
environments were contaminated with different 
insecticides (7,8).
The fish are particularly sensitive to pollution. They 
can be exposed to a wide range of toxic substances, 
including insecticides during their life cycle. In fish, 
different insecticides can be absorbed through the gills, 
skin or alimentary ducts, so that they can diffuse into 
their organs and fat tissues and significantly affect their 
fundamental physiological and biochemical processes 
(9,10).
The liver plays an important role in several vital func-
tions of basic metabolism and it is also the major organ 
of accumulation, biotransformation and excretion of con-
taminants in fish, including degradation and bioinactiva-
tion of pesticides (11–13). Thus, the biochemical param-
eters in fish liver are sensitive for detecting potential 
adverse effects and relatively early events of pollutant 
damage (14). It is important to know how the activity of 
liver enzymes lactate dehydrogenase (LDH), aspartate 
aminotransferase (ASAT) and alanine aminotransferase 
(ALAT) change. They are indicators for normal liver 
function and hence, they can be also used as biomarkers 
for tissue damage. Moreover, histopathology provides in-
formation on the effects of irritants in various organs (15) 
and structural damages from the effects of pollutants on 
liver metabolism have been supported by the results of 
histopathological studies (16,17). Therefore, the assess-
ment of biochemical and histological changes in the fish 
liver has become an important tool for evaluation the 
environmental pollution in experimental conditions 
(18,19).
Bighead carp is a common freshwater fish species used 
in recreational fishing. It is also used as a food source 
through some European countries, including in Bulgaria. 
However, data from studies carried out on the effects of 
thiamethoxam on the liver of this particular cyprinid fish 
are relatively limited.
Therefore, the main goal of the present study is to in-
vestigate the effects of thiamethoxam on 1) hepatic ac-
tivities of lactate dehydrogenase (LDH), aspartate (ASAT) 
and alanine (ALAT) aminotransferases; 2) histological 
structure, and 3) histochemical structure of bighead carp 
liver exposed to thiamethoxam under laboratory expo-
sure.
EXPERIMENTAL PROCEDURES
Chemicals and experimental setup
Thiamethoxam is the only active substance of the 
product for plant protection „Actara 25 WG”. It is a sec-
ond generation neonicotinoid insecticide, which belongs 
to the subclass of thianicotinyl, has unique chemical 
properties and provides excellent, fast-acting and long-
lasting elimination of a broad range of foliar and soil pests 
(20).
Forty healthy bighead carps were obtained from the 
Institute of Fisheries and Aquaculture in Plovdiv, Bul-
garia where fish are reared under strict and controlled 
conditions. They were of the same size-group (mean 
length 18.65 cm ± 1.33; mean body mass 53.5 g ± 6.3) 
with no external pathological abnormalities. After trans-
portation the fish were moved in tanks with chlorine-free 
tap water (by evaporation) to acclimatize for a week. After 
acclimatization the fish were divided into four groups 
(n=10) in 100 l tanks. They were not fed 48 h prior to the 
experiment.
There is no data regarding the LC50 for fish for thia-
methoxam. Therefore, three groups of fish were exposed 
to the insecticide for 96 h (acute exposure) at concentra-
tion of 6.6 mg l–1, 10 mg l–1 and 20 mg l–1, representing 
30, 20, 10 times dilution of the stock solution, prepared 
according to the instructions of the manufacturer. The 
fourth fish group served as a control with no added pes-
ticide.
All tanks had a permanent aeration with air pumps 
and the water was kept oxygen saturated. During the en-
tire duration of the experiment the fish were maintained 
under a natural light/dark cycle (12:12). The physico-
chemical characteristics of the water such as: pH, tem-
perature, dissolved oxygen, oxygen saturation and con-
ductivity were measured once per day according to a 
standard procedure (21). They were as follows: pH – 
8.2±0.5; temperature – 20.21°C ± 1.5; dissolved oxygen 
– 9.3 mg l–1±0.5; oxygen saturation – 103.43% ± 0.5 and 
conductivity – 320 µS cm–1 ± 2.5.
The fish dissection was performed according to the 
international standard procedures given in the EMERGE 
Protocol (22), but divided in two pieces for three different 
analyses. The experiment was performed in accordance 
with national and international guidelines of the Euro-
pean parliament and the Council on the protection of 
animals used for scientific purposes (23).
Biochemical analysis
The biochemical analysis was conducted at the labora-
tory of the Department Biochemistry and Microbiology, 
Plovdiv University. The livers were rapidly thawed on ice 
and manually homogenized, using a Potter Elvehjem ho-
mogenizer fitted with a Teflon pestle in chilled phosphate 
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buffer (50 mM, 300 mM NaCl, pH=7.4). The homoge-
nates was subjected to centrifugation at 9000 rpm for 15 
min in a cooling centrifuge (MPW 351 R) at 4°C. The 
supernatant fractions were aliquoted, transferred in new 
eppendorf tubes and stored at –80°C for further enzyme 
assays. All biochemical assays were measured spectropho-
tometrically (Beckman Coulter Spectrophotometer DU 
800) at 25°C. The chemicals used in this study were pur-
chased from Sigma Chemical Co. and were of analytical 
grade.
Lactate dehydrogenase (LDH, E.C. 1.1.1.27) activity 
was assayed according to the method of Vassault (24). 
Aspartate aminotransferase (ASAT, E.C. 2.6.1.1) and 
alanine aminotransferase (ALAT, E.C. 2.6.1.2) activities 
were determined by the method of Reitman and Frankel 
(25) as described by IFCC (26) using commercially avail-
able kits.
The protein levels were measured by the Bradford (27) 
method with Coomassie Brilliant Blue G-250 using bo-
vine serum albumin as standard. The absorbance of sam-
ples was detected at 595 nm and expressed as milligram 
protein per milliliter homogenate.
One unit of LDH, ASAT and ALAT is defined as the 
amount of the enzyme that consumes 1 mol l–1 of sub-
strate or generates 1 mol l–1 of product per min. The activ-
ity was expressed in international units per milligram of 
protein.
Histological analysis
The histological analysis was carried out at the labora-
tory of the Department of Developmental Biology, Plo-
vdiv University. The liver samples were placed in vials 
with 10% neutrally buffered formaldehyde solution 
(pH=7) for 12 h and a routine alcohol–xylene processing 
followed. They were rinsed in tap water, dehydrated in a 
graded series of ethanol concentrations, cleared in xylene, 
embedded in paraffin wax with melting point of 54–56°C, 
sectioned to a thickness of 5–7 µm using a semi-automat-
ed rotary microtome (Leica RM 2245) and mounted on 
sterilized glass slides. The sections were then deparaf-
finised, stained with hematoxylin and eosin (H&E) for 
histological examinations and prepared for light micros-
copy analysis (28). The histological changes in the liver 
were observed and photographed by using a light micro-
scope (Nikon, Japan) mounted with a digital camera.
Liver histology of all specimens, including the control 
fish livers were appraised individually and semi-quantita-
tively by using the grading system of Mishra and Mo-
hanty (29). Each grade represents specific histological 
characteristics and is categorized as follows: (–) – no his-
tological alterations; (+/–) – mild histological alterations; 
(+) – moderate histological alterations; (++) – severe his-
tological alterations; (+++) – and very severe histological 
alterations in the hepatic architecture.
Histochemical analysis
The histochemical analysis was conducted at the labo-
ratory of the Department of Anatomy, Histology and 
Embryology, Medical University in Plovdiv. Multiple 
carp liver sections (6 µm) of each fish were prepared ac-
cording to a standard methodology using a cryostat (Lei-
ca, Jung Frigocut 2800 N). The samples were stained by 
the Sudan III method according to Daddy (30) as de-
scribed by Pearse (31).
The liver histochemical alterations from the treated 
with thiamethoxam fish, as well as the control fish livers 
were appraised individually and semi-quantitatively by 
using the grading system described by Mishra and Mo-
hanty (29). The positive Sudan III – reaction was pre-
sented in purple-magenta staining in the hepatic cyto-
plasm. The evaluation of the observed changes was carried 
out and presented as an average value. Similarly to the 
histological analysis, each grade represents specific histo-
chemical characteristics and is categorized as follows: (–) 
– negative reaction of histochemical staining; (+/–) – very 
weak positive reaction of histochemical staining; (+) – 
weak positive reaction of histochemical staining; (++) – 
moderate positive reaction of histochemical staining; 
(+++) – strong positive reaction of histochemical staining 
in the hepatocytes.
Statistical analysis
The activity of the hepatic enzymes of all 10 specimens 
from all test concentrations thiamethoxam was expressed 
as mean±SD. Descriptive statistics was performed and 
software packet STATISTICA (version 7.0 for Windows, 
StatSoft, 2004) was used. The differences between the 
individual variables were tested for significance using the 




Lactate dehydrogenase (LDH) is an enzyme found in 
almost all body tissues, such as heart, kidneys, liver, skel-
etal muscle, brain, erythrocyte and gills (32). LDH mea-
surement is used to detect tissue disorders and as an aid 
in the diagnosis of tissue damage, and it also takes part 
in the anaerobic pathway of carbohydrate metabolism 
(33). Aspartate aminotransferase (ASAT) and alanine 
aminotransferase (ALAT) are liver specific enzymes, par-
ticipating in the amino acids metabolism. They are sensi-
tive indicators for hepatotoxicity and histophathalogic 
changes, and can be assessed within a shorter time (34).
The enzymatic activity of LDH, ASAT and ALAT 
(Table 1) was increased at all thiamethoxam concentra-
tions compared to the control group (p<0.05). Exposure 
of the fish to thiamethoxam for 96 hours increased LDH 
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activity in all test fish groups compared to the control. 
LDH activity of the test group exposed to 6.6 mg l–1 
thiamethoxam was increased with 97.7% (1.98 times) 
compared to the control group. We also found that the 
LDH activity increased with 98.8% (1.99 times) and 
130.6% (2.3 times) at 10 mg l–1 and 20 mg l–1 thiameth-
oxam concentrations when compared to the control 
group, respectively. The statistical analysis showed a sig-
nificant difference (p<0.05) among the enzyme responses 
at all test concentrations compared to the control fish 
group. In addition, the LDH activity in the fish groups 
increased in the following descending order 6.6 mg l–1 < 
10 mg l–1 < 20 mg l–1 thiamethoxam, respectively (p<0.05).
Das and Mukherjee (35) reported increased LDH ac-
tivity in the liver of Indian major carp, Labeo rohita ex-
posed to cypermethrin. Similarly to us, Oruç and Üner 
(36) and Cooper et al. (37) also measured increased LDH 
activity in fish exposed to different pesticides. In addition, 
Ayanda et al. (38) found significant LDH, as well as 
ALAT and ASAT in the livers of fish exposed to sub-
lethal concentrations of glyphosate and paraquat, which 
are two commonly used herbicides. Raj and Joseph (39) 
consider that the enhanced LDH activity in O. mossam-
bicus exposed to acetamiprid in their study may reflect the 
increased rate of conversion of lactate to pyruvate and 
then to glucose. Overall, changes in the LDH activity are 
a maker for tissue damage in fish and a good diagnostic 
tool in toxicology studies (40). Increase of LDH activity 
is a diagnostic index widely used to recognize increases of 
anaerobic metabolism resulting from depletion of energy 
under anaerobic and environmental stress conditions (33). 
Thus, we consider that the increased LDH activity caused 
by the effect of all thiamethoxam concentrations in our 
study responds to induced oxidative stress in the fish or-
ganism, corresponding to a deficiency of ATP and neces-
sity of regeneration of NADH.
Significant changes in ASAT and ALAT activities were 
observed dependent upon the insecticide concentrations 
compared to the control group (p<0.05). Similarly to the 
LDH activity, ASAT and ALAT activities increased with 
the increasing concentrations of the tested chemical. 
However, there was no significant difference in ASAT 
activity between the fish group exposed to 10 mg l–1 and 
20 mg l–1 insecticide (p>0.05). In addition, the ALAT 
activity, which we measured in the fish group exposed to 
6.6 mg l–1 and 10 mg l–1 did not differ statistically 
(p>0.05). The increased ASAT activity at concentration of 
6.6 mg l–1 thiamethoxam was higher with 58.5% (1.59 
times), at 10 mg l–1 thiamethoxam – 67.9% (1.68 times) 
and at the highest concentration of 20 mg l–1 – 71.6% 
(1.72 times) higher compared to the control group fish, 
respectively. The values of ALAT activity were as follows: 
the activity was increased with 190% (2.9 times) at 6.6 
mg l–1 thiamethoxam, 203.3% (3.03 times) at 10 mg l–1 
and 213.3% (3.31 times) at the highest concentration of 
20 mg l–1 insecticide compared to the control fish group. 
Thus, any change in the transaminase activity can be cor-
related with the protein and carbohydrate metabolism and 
thereby, help in analyzing the metabolic shifts (41). We 
agree with Philip et al. (42) who state that the elevation in 
the transaminases indicates the utilization of amino acids 
for conversion to the keto acids or for glyconeogenesis and 
is used to determine liver damage. Increased activities of 
ASAT and ALAT were also observed in Channa punctatus 
exposed to organophosphorus pesticides (43). Banaee et 
al. (9) reported increased levels of ASAT and ALAT fol-
lowed by the exposure of common carp to diazinon. Thus, 
changes in the activity of aspartate and alanine transam-
inases affect the energy metabolism in fish.
Histological analysis
The present study demonstrates that the control fish 
liver generally exhibited a normal architecture (Fig. 1), 
which is in agreement with Hibiya (28). However, the 
Table 1. Hepatic activities of LDH, ASAT and ALAT in bighead 
carp (average±SD) at all tested thiamethoxam concentrations, 
including enzymatic responses in control fish.
Thiamethoxam 
concentration 
Activities of hepatic enzymes, U mg l–1 protein 
LDH ASAT ALAT
Control group 6.16±0.04 0.53±0.03 0.3±0.4
6.6 mg l–1 12.18±0.048* 0.84±0.02* 0.87±0.04*
10 mg l–1 12.25±0.03* 0.89±0.03* 0.91±0.02*
20 mg l–1 14.21±0.04* 0.91±0.04* 0.94±0.02*













Granular degeneration – + ++ +++
Balloon degeneration – +/– + ++






– – +/– +/–
– +/– + ++
– +/– + ++
Necrosis – +/– +/– +
Lymphocyte proliferation – – +/– +
Hyperemia – – +/– +
*no histological alterations, representing normal histological structure 
– (-); mild histopathological alterations – 10-20% – (+/-); moderate 
histopathological alterations – 30-50% – (+); severe histopathological 
alterations – 60-80% – (++); and very severe histopathological altera-
tions – above 80% – (+++).
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histological analysis also showed degenerative and ne-
crotic changes in the fish exposed to thiamethoxam, 
which indicated disturbances in the hepatic blood circu-
lation (Table 2).
We found granular, balloon and fatty degeneration. 
Furthermore, we determined necrotic alterations in the 
fish liver, which were presented as karyopyknosis, karyor-
rehsis and karyolysis. We also found necrotic areas in the 
liver parenchyma, which were presented in cell mass 
where the boundaries of the separate hepatocytes could 
not be established. The histological alterations in the he-
patic blood circulatory system were lymphocyte prolif-
eration and hyperemia. The degree of expression of each 
lesion increased proportionally with the increasing con-
centrations of thiamethoxam.
At the lowest thiamethoxam concentration (6.6 mg l–1) 
granular degeneration was presented in a moderate degree 
(Fig. 1b). In addition, we determined balloon and fatty 
degeneration, as well as necrotic alterations in a mild de-
gree of expression. We did not observed disturbances in 
the hepatic blood circulation in the fish group exposed to 
6.6 mg l–1 thiamethoxam.
Granular degeneration in a severe degree of expression 
in the fish exposed to 10 mg l–1 thiamethoxam was found. 
Our results demonstrated that at this concentration bal-
loon degeneration and necrotic alterations were presented 
in a moderate degree of expression. In addition, fatty de-
generation, lymphocyte proliferation and hyperemia were 
observed in a mild degree. These alterations were shown 
at a higher level compared to the previous concentration 
(6.6 mg l–1). Degeneration of hepatocytes was also re-
Figure 1. Histological alterations in bighead carp liver, H&E: a – normal histological structure, x200; b – granular degeneration at concentra-
tion of 6.6 mg l–1 thiamethoxam, x400; c – balloon (red arrow) and fatty degeneration (black arrow) at concentration of 10 mg l–1 thiameth-
oxam, x400; d – necrotic alterations at concentration of 20 mg l–1 thiamethoxam (karyopyknosis – black arrow and karyolysis – red arrow), 
x400; e – lymphocyte proliferation at concentration of 20 mg l–1 thiamethoxam, x400; f – hyperemia at concentration of 20 mg l–1 thiameth-
oxam, x400.
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ported by Velisek et al. (44) caused by cypermethrin in 
rainbow trout (Oncorhynchus mykiss).
The histological alterations in the bighead carp liver 
were most pronounced at the highest tested thiameth-
oxam concentration (20 mg l–1). We determined granular 
degeneration in a very severe degree of expression. Balloon 
degeneration (Fig. 1c), necrotic alterations (Fig. 1d) and 
changes in the hepatic blood circulatory system (Fig. 1e,f) 
were in a moderate degree of expression. Fatty degenera-
tion was present in lipid deposits in single hepatocytes of 
the liver parenchyma (Fig. 1c). Such histological liver 
changes were also observed in other fish species following 
pesticides exposure (45–48).
Overall, similarly to other authors (49) our results 
showed that the histopathological investigations could be 
used as a sensitive tool to detect direct effects of chemical 
compounds within target organs of fish in laboratory ex-
periments. In addition, we agree with Boran (50) that fish 
liver histopathology is an indicator of chemical toxicity 
and it is a useful way to study the effects of exposure of 
aquatic animals to toxins present in the aquatic environ-
ments.
Histochemical analysis
In the control group we did not observe a positive reac-
tion to the histochemical staining. On the other hand, in 
the fish exposed to thiamethoxam we found a positive 
response (Fig. 2). This indicates the presence of accumu-
lated lipid droplets in the fish hepatocytes from all ex-
perimental groups (Table 3).
The results on lipid amount in the fish hepatocytes 
exposed to thiamethoxam showed a trend to increase the 
lipid inclusions in the cytoplasm in parallel to the increas-
ing toxicant concentrations. These results were also con-
firmed by fatty degeneration, which was observed in the 
histological analysis. Therefore, we consider that the 
amount of accumulated lipid droplets in the hepatocyte 
cytoplasm could be due to fatty degeneration.
Similarly to us, Gultekin et al. (51) found hepatic fatty 
degeneration, which was because of altered lipid metabo-
lism after insecticide exposure. Ayoola (52) also found 
fatty degeneration in fish hepatocytes after glyphosate 
exposure for 96 h. In our previous studies (54) in parallel 
with the increase in the hepatic lipid content we also ob-
served an increase in the glycogen amount. This probably 
is due to the increased amounts of pyruvate in the liver 
and hence, the pyruvate dehydrogenase complex increas-
es the acetyl – CoA quantities, which are used for fatty 
acids and cholesterol synthesis. The increased synthesis of 
fatty acids also leads to increased synthesis of triglycerides 
and hyperlipidemia, which on the other hand are associ-
ated with fatty infiltration of the hepatocytes. Given the 
fatty infiltration of the cells, these changes can be linked 
to the absence of the enzyme glucose-6-phosphatase and 
inability to release glucose into the blood, leading to hy-
poglycemia in the fish body. On the other hand, the 
higher quantities of glucose-6-phosphate lead to enhanced 
activity of the pentose-phosphate pathway and hence, 
greater amounts of pyruvate and acetyl – CoA, which is 
used for the synthesis of fatty acids and cholesterol.
CONCLUSION
In sum, we could conclude that the studied alterations 
at different biological level occurred in the hepatic me-
tabolism of the bighead carp organism under the influence 
of all tested concentrations of thiamethoxam. These 
changes are probably due to oxidative stress. Moreover, the 
increase of enzymatic activities is likely to be related, as 
noted by other authors (55) with enhanced protein catabo-
lism and hepatocellular damage. We also consider that the 
detected histological and histochemical in the fish liver 
structure could be a result of changes in the hepatic me-
tabolism under the thiamethoxam influence. Our study 
shows that there is a relation between the concentration of 
the insecticide and biochemical changes, as well the sever-
ity of expression of the histological alterations in the big-
head carp liver. Overall, such experiments could be suc-
cessfully applied in research and monitoring programs to 
study the effects of pesticides on fish, and the investigated 












Intensity of  
Sudan III staining – +/– +/– +
(-) – negative reaction of histochemical staining; (+/-) – very weak 
positive reaction of histochemical staining; (+) – weak positive reaction 
of histochemical staining; (++) – moderate positive reaction of histo-
chemical staining; (+++) – strong positive reaction of histochemical 
staining in the hepatocytes.
Figure 2. Intensity of Sudan III staining in bighead carp liver: con-
trol group (a), x200 and 20 mg l–1 thiamethoxam (b), x400.
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enzymatic and histological changes could be used as sensi-
tive biomarkers for pesticide contamination in field re-
search. Moreover, we also suggest the histochemical al-
terations as possible biomarkers in ecotoxicological studies.
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